Grazing intensity is one of the most important factors influencing soil properties variations in rangeland ecosystem. This research aimed to study the features of soil properties under different grazing intensity in a Kobresia parva-meadow on the Qinghai-Tibetan Plateau, China. Results showed that soil organic matter (SOM), soil organic carbon (SOC), and total nitrogen (N) significantly decreased with an increase grazing intensity and total and available potassium (K), and C/N ratio exhibited a similar pattern. However, there were not significant differences between warm-season pasture (WSP) and cool-season pasture (CSP). In addition, results indicated that soil P was a limited factor, and N was sensitive to grazing intensity in Kobresia parva alpine meadow grazing ecosystem. Therefore, our study demonstrated that soil properties, such as soil carbon and nitrogen, generally decreased with the increasing of grazing intensity in studied Kobresia parva-meadow on the Qinghai-Tibetan Plateau.
Introduction
Grazing is the key driver of rangeland ecosystem structure and function, but its roles can be varied considerably in alpine rangeland ecosystems of the Qinghai-Tibetan Plateau (Harris, 2010) . Studies had reported that grazing may negatively affect belowground organic matter, total and available nitrogen, total and available phosphorus (P) (Wu et al., 2009) and soil carbon storage (Sun et al., 2011) . Grazing directly reduces aboveground biomass and increases light availability for shorter species in the vegetation, but whether grazing results in a reduction of soil nutrient availability (N, P and K) -thus indirectly reducing biomass-are unknown. Milchunas and Lauenroth (1993) found, however, there was no effect on soil organic matter (SOM) and suggested that total nutrient stocks may undermine nutrient availability.
Overgrazing and soil-degradation are closely associated with each other (Xie and Wittig, 2004) . This vegetation degradation related by overgrazing exposed the soil surface directly to wind and water erosion, leading to a loss of topsoil fertile and its nutrients and plants' seeds. In recent years, it suffers from seriously rangeland degradation, which mainly caused by grazing disturbance (Harris, 2010) . In the alpine meadow ecosystem of this region, frigid climate and harsh natural conditions lead to a short growing period (90~120 d) and lower forage yield of plants, which caused unbalanced of seasonal pasture (warm-season and cold-season pasture). Moreover, with the effects of increasing yak population, global warming, and natural disasters, over half of rangeland has degraded at different level in this ecosystem.
However, specific causes of degradation are still an active area of investigation (Klein et al., 2004; Harris, 2010) . Livestock grazing is the dominant form of land use in alpine area of the Qinghai-Tibetan Plateau and Yak (Bos grunniens) is the typical grazing animal, playing a crucial role in the alpine meadow ecosystem and animal husbandry economy of this region. However, few studies have documented the effects of grazing intensity on the soil properties in the Kobresia parva-meadow on the Qinghai-Tibetan Plateau (Dong et al., 2005; Wu et al., 2009 Wu et al., , 2010 . In this study, we examined soil properties responses to grazing intensity in alpine rangeland ecosystem of the Qinghai-Tibetan Plateau. This work aimed to clarify the effects of grazing intensity on soil properties and to help guide grazing management. We specifically asked how grazing intensity influence soil properties in alpine rangeland ecosystems.
Materials and Methods

Study site
The experiment was carried out in Wosai Township of Dari County, Guoluo Tibetan Autonomous Prefecture of Qinghai Province, which is located at the southwest of the Qinghai-Tibetan Plateau (99°47′38″N, 33°37′21″E), with an average elevation of 4000 m.
The landscape is characterized by large mountain ranges with steep valleys and gorges interspersed with relatively level and wide inter-mountain rangeland basins. It has a continental monsoon-type climate, with severe and long winters, and short and cool summers.
The average air temperature is -1.3 °C with extremes of a maximum 24.6 °C and a minimum -34.5 °C.
Average annual precipitation is about 590 mm, 80% of which falls in the short growing season from May to September; there is no absolute frost-free period.
The annual average sunlight is 2331 hours. The main rangeland species are Kobresia parva, Kobresia humilis, Elymus nutans, Potentilla anserina, and Poa alpigena in moderately deteriorated state. The livestock assemblage in the Yangtze and Yellow rivers headwaters region includes yaks, Tibetan sheep, and horses.
The local population is entirely Tibetan, and over 90% of the local inhabitants are pastoral.
Experiment design
To study the effects of yak grazing intensity on soil live weight); warm-season pasture (WSP); control in cool-season pasture (CSP).
Soil sampling
Soil sampling 
Statistical analyses
The following methods were applied: (1) 
Results
Soil hardness in the upper layers was greatly increased in the WSP (p <0.01) and presented a gradual increasing in the CSP (p <0.05) with the increased grazing intensity (Figure 1 ). Soil bulk density showed a similar changing trend with soil hardness on the WSP and CSP (Table 2) . Available N of all soil depths showed the highest in L treatment and the lowest in N in the CSP, and a significant difference was found among different grazing intensities in the CSP (Table 4 ) (p <0.05).
But in the WSP, available N concentration at the 0-5, 5-10, and 10-20 cm depths was the highest in CK, and HG treatments, respectively. And the lowest in NG, LG, and MG treatments, respectively, which was significant different at all depths (p <0.01 at 0-5 cm depth, p <0.05 at 5-10 and 10-20 cm depths) (Table 3) .
Available P concentrate at the 0-5 cm depth exhibited a similar pattern to that of SOM, SOC, total N, total K, and available K concentration, and a significant difference was found among different treatments in the CSP and WSP (p <0.05) ( Tables 3, 4) . At the 5-10 cm depth, however, available P was the highest in NG treatment and the lowest in CK in the WSP, and the highest in NG and the lowest in LG treatment in the CSP, and a significant difference was found among different treatments in the WSP and CSP (p <0.05).
As for available P concentration in the 10-20 cm depths, it was the highest in NG treatment and the lowest in MG treatment, and there was a significant difference between different grazing treatments in the WSP and CSP (p <0.05).
Discussion
Our results showed that grazing intensity had significantly negative effects on soil physical and nutrient properties. Our results suggested that soil hardness and pH in the upper layers of different grazing treatments in an alpine meadow ecosystem showed an increasing trend with increased grazing activity, but a significant difference for hardness was observed between grazing treatments in WSP and CSP. This was the same as soil bulk density but the differences were small and not significant, and this region was representative of non-saline soils. Furthermore, Su
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Soil nutrient
The depth of soil strata (cm) et al., (2005) had reported that grazed grasslands contained less organic C and more N than adjacent ungrazed rangeland. Wu et al., (2009) found that grazing showed significantly negative effects on soil organic matter, total nitrogen, available nitrogen, total phosphorus and available phosphorus than fencing rangeland in the Qinghai-Tibetan Plateau. Sun (2011) also reported that soil organic carbon storage during the plant growing seasons was also significantly reduced by grazing intensity.
What's more, it is said that high grazing intensity resulted in lower SOC and total N than low grazing intensity did. This may attribute to enhancing turnover of plant material and excreta and physical disruption of soil at high grazing pressure, which hastened the loss of soil C and N (Buxton et al., 1996; Wu et al., 2010) . Continuous grazing resulted in less vegetation cover and litter accumulation, soil coarseness, and very low SOC and N tot concentrations (Su et al., 2005) . The difference in C/N ratio among grazing treatments at the same soil depths indicated that the impacts of continuous grazing on SOM exceed those of N tot (Su et al., 2005) . Moreover, the effect of grazing on denitrification was significant, and an increase in nitrogen loss through denitrification was found with increasing grazing intensity in the moist-cool winter and dry-warm summer. In our trial, C/N ratio at different soil depths decreased with grazing intensity increased, but there was no significant difference and this conclusion was identical with the findings of Su et al., (2005) .
Besides that, our founding released that total P decreased with the increase of stocking rates, and there was a significant linear regression relationship between total P content at each soil depth and stocking rates in the WSP. Our studies showed that grazing intensity significantly affected total and available P content at the same soil depth. Furthermore, total and available K content decreased with the increased grazing activity, but the differences were limited and no significant changes, which was consistent with the findings of Xie and Wittig (2004) for the Stipa grandis
and Stipa bungeana steppe in northern China, but quiet different with results of Kooijman and Smit (2001) found in acid dune grasslands of the Netherlands.
Additionally, vegetation cover decreases with grazing intensity increased in many studies of the alpine meadow of this area (Wu et al., 2009; 2010) , and this further causes a decrease of microorganisms, mineralization velocity, and assimilation for plants and excretion for animals. The decreasing of soil organic matter, which is a major source of nutrient mineralization, may gradually lead to a smaller soil nutrient store and, thus to lower availability. In some grazing ecosystems research, however, grazing generally leads to a shift from competition for light to competition for nutrients, which allows more functionally different species to coexist (Berendse, 1985) . Bezemer et al. (2006) had proposed that plant-soil feedback depends upon the plant functional group. Differences in plant functional groups can create different soil biotic and abiotic microhabitats by affecting soil organic matter, soil nutrient availability, and soil microbial communities (Casper and Castelli, 2007) . Study found that GG species proportion were significant positively related to higher soil nutrient conditions .
Meanwhile, grazing decreased the GG proportion and increased the FG proportion in alpine meadow communities, and there were lower soil nutrient contents in grazed meadows than in fenced meadows (Wu et al., 2009) . Graminoid aboveground plant resources were transferred to the soil back when litter layers and roots decomposed (Bardgett and Wardle, 2003) .
These outcomes suggested that with the increasing of grazing intensity, recycling of aboveground plant and SOM, SOC, and total N to the soil was restricted.
Conclusions
Grazing intensity changed soil properties by altering plant functional group compositions, their biomass loess and nutrient cycles in studied alpine rangeland ecosystem. Grazing intensity significant negatively impacted on soil physical and nutrient properties. Our results demonstrated that soil properties, such as soil carbon and nitrogen, generally decreased with the increasing of grazing intensity in studied Kobresia parva-meadow grazing ecosystem.
